Abstract We have reviewed 17 patients (18 hips) who required repeat open reduction for recurrent or persistent dislocation after a previous attempt at open reduction for developmental dysplasia of the hip (DDH). The mean follow-up was 5.5 (3-15) years. At the review, five patients were limping and had limited hip motion but no pain. Six hips were classified as Severin class III or more, and avascular necrosis was evident in 11. We suggest that technical failure is usually the cause for re-dislocation in unilateral cases, as we discovered at repeat open reduction in five of six patients with unilateral dislocation. The biological behaviour of bilateral dislocations may in someway be different since in nine of 11 patients with bilateral dislocations, no obvious cause could be attributed. The outcome is usually poor.
Introduction
The goal of treatment in developmental dysplasia of the hip (DDH) is to obtain and maintain a stable concentric reduction as quickly and as easily as possible. Uncommonly, open reduction is not successful, and re-dislocation occurs. The reported incidence of re-dislocation after open reduction varies. It would appear to depend upon the approach used, the age of the patient at the time of initial reduction and, perhaps, the expertise of the surgeon. It has been reported to occur in 0-8% following open reduction via an anterolateral approach [3, 6] ,and when the medial approach is used, this figure rises to 5-14% [4, 6, 9] .
Previous reports have highlighted the problems of management of this difficult problem [1, 3, 5, 6] . We present our experience with 17 patients (18 hips) who had redislocation following open reduction for DDH, analyse the possible causes of failure and examine the outcome on both a clinical and radiological basis.
Materials and methods
The study included 17 patients (15 females and two males) with 18 hips treated at the Royal Hospital for Sick Children, Glasgow, between 1981 and 1996. All had recurrent or persistent dislocation after a previous attempt at open reduction, and all had typical DDH without neuromuscular abnormality, an identifiable syndrome or teratological dislocation. The medical records and radiographs of all patients were available for review. At the initial diagnosis, 11 patients had bilateral dislocations and five had left-sided and one a right-sided unilateral dislocation. Nine bilateral cases and two unilateral cases had primary treatment at our institution. The others had been referred for secondary treatment following failure of primary open reduction. Of the bilateral cases, one had re-dislocation on both sides, eight on the left and two on the right (Figs. 1, 2) .
The mean age at diagnosis was 18. Table 1) .
The medical records and radiographs of these 17 patients were reviewed. Additionally, all patients were examined for the purpose of this study. Radiographs were evaluated for adequacy of reduction and evidence of avascular necrosis.
Revision operation
Prior to the revision operation, the hip was mobilised where there was significant stiffness. Pre-operative traction before the revision operation was used in seven patients (five unilateral and two bilateral dislocations). The standard repeat operation was performed through an antero-lateral approach. The apophysis was split and reflected from both sides of the ilium. The capsule was dissected anteriorly, superiorly and inferiorly. It was then opened in a T-shaped manner, and the joint was inspected. Adhesions, which were usually dense, were then released. Any obstruction to reduction-usually the psoas tendon, the ligamentum teres, the transverse ligament, the limbus or the pulvinar-that had not been dealt with at the primary procedure was then released. If the limbus was inverted, it was everted by making radial cuts. The acetabular notch was cleared of scar tissue. Once the hip was reduced, a capsulorrhaphy was performed. In many revision cases, the capsule was very scarred, and an adequate capsulorrhaphy was not possible. Four hips required release of the psoas tendon, four eversion of the limbus and five division of the transverse ligament (all unilateral cases). Among the bilateral cases, eversion of the limbus and release of the transverse ligament was required in one case each. Additional osseous procedures were performed, as required. Eight hips required femoral shortening (average of 2 cm), with derotation at the time of final open reduction. Three hips underwent Salter's innominate osteotomy, and one hip required triple osteotomy. One case needed a Chiari osteomy and three cases a shelf acetabuloplasty at a later date due to persistent dysplasia.
The reduction was confirmed clinically and by intra-operative radiographs. Post-operative immobilisation in a hip spica was maintained for 6-12 weeks, depending on the need for secondary femoral or pelvic procedures.
Results
Between 1981 and 1996, there were two re-dislocations (1.2%) among 161 patients with unilateral DDH following open reduction. Of the 56 bilateral cases with DDH, ten hips had re-dislocations (17.8%). At the final follow-up, all patients were clinically assessed by the authors using Ponseti grading (Table 2 ) [7] . All had limb-length measurements and Trendelenburg tests performed. The radiological status of the joint was assessed using Severin grading (Table 3) [8] and avascular necrosis using the criteria of Kalamchi and McEwen (Table 4) [4] . The mean age at last follow-up was 7 (4.5-17) years, and the mean length of follow-up was 5.5 (3-15) years.
At final review, five patients had Ponseti grade 4 (27.8%). The Trendelenburg test was positive in five patients, and five had a leg-length discrepancy (LLD) of 2 cm or more. Limb equalisation surgery has so far not been required in any of the patients with LLD. Radiological assessment revealed a Severin grading of 3 or more in six hips. Avascular necrosis was evident in 11 hips, of which four had total involvement (grade 4). No patient had avascular necrosis on the sound side or on the side that was not re-dislocated in bilateral cases.
Discussion
In all but one of the unilateral dislocations, failure to maintain reduction could be attributed to an inadequate soft tis- sue release or insufficient clearance of the structures, which obstruct reduction. Our findings in these unilateral cases agree with others [1, 3, 5, 6] .
This fact emphasises the need for the open reduction of DDH to be performed by experienced paediatric orthopaedic surgeons. The bilateral dislocations, treated primarily at our institution, had no definitive soft tissue obstruction evident at re-operation apart from adhesions and pulvinar tissue. All had been operated upon by experienced paediatric orthopaedic surgeons well versed in the management of DDH [2, 10] . Eight of the 11 bilateral cases were performed Table 2 Ponsetti classification of clinical outcome   1  Asymptomatic  2  Slight hip pain after long walks  3  Limp, free motion and no pain  4  Limp and limitation of motion, no pain  5  Limp and pain  6 Limp, limitation of motion and pain 
under the same anaesthetic, and in all but one, where both sides re-dislocated, one side subsequently re-dislocated despite the identical procedure having been performed on both sides by the same surgeon. As in all the previous reports [1, 3, 5] , the poor final clinical and radiographic results reflect the numerous procedures performed in these children to obtain a stable, concentric reduction, the most common complication being avascular necrosis. We suggest that technical failure-namely inadequate soft tissue release-is usually the cause for re-dislocation in unilateral dislocations. In bilateral dislocations, no obvious reason was evident, and it may be that the biological behaviour of these hips is in someway different. 
